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ABSTRACT 
THE response of corn to naturally fluctuating water tables at five different stages of growth was studied 
for 3 years. Fifty plots of 15 m x 15 m were established in 
1984 on Nicollet soil in an area that is not artificially 
drained. In the center of each plot, an observation well 
was installed for water-table measurements. Water-table 
hydrographs were developed for each plot annually to 
quantify crop stress factors from excessive wetness 
(SEW30, a summation of days times the height of the 
water table above 30 cm). 
The results of these studies indicate that SEW30 values 
of as low as 40 cm-days in the early part of the growing 
season can significantly reduce corn yields. Corn yields 
decreased linearly with the increase in SEW30 values and 
the Stress Day Index (SDI). Lower corn yields resulted 
from both decreased plant population and poor crop 
growth due to excessive wetness. 
INTRODUCTION 
An adequate supply of soil water is essential for plant 
growth and for transporting plant nutrients to roots, but 
excess water in the root zone is a problem for most crops. 
Excess soil water can result in reduced yields in a variety 
of ways. If it takes longer for soil to dry out in the spring, 
planting may be delayed. If the seeds are planted in 
relatively wet soils, the seeds may fail to germinate or 
may die soon after germination. If waterlogging (when 
soil pores are filled with water for an appreciable length 
of time) occurs after germination, the young plants may 
not survive. High water tables in the field will restrict the 
growth of roots, rendering plants more susceptible to 
disease, nutrient deficiency, and drought. Two 
particular problems could be the deficiency of nitrogen 
due either to leaching or to denitrification and the 
development of toxic substances, both caused by lack of 
oxygen in the soil. 
Kanwar et al. (1983, 1984) have reported the results of 
a field survey designed to assess the extent of crop 
production losses due to inadequate drainage in a large 
agricultural watershed of Iowa. The results of this study 
indicated that inadequate drainage is responsible for 
average crop production losses equal to 32% of the 
maximum production potential, and in very poorly 
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drained areas (with excessive soil water conditions), 
100% crop production losses are expected in 4 out of 10 
years. 
The response of crops to drainage in relation to 
fluctuating water table heights is not well understood 
(Bouwer, 1974; Belford, 1981; Hiler, 1977). Most of the 
available research data indicate that crops vary 
significantly in response to time and duration of 
flooding. Ritter and Beer (1969) reported reduced corn 
yields when inundation occurred at the early stages of 
corn growth. They observed no significant damage to the 
plants after 96 h of continuous flooding when the corn 
had reached the silking stage. Joshi and Dastane (1966) 
found that flooding maize at the preflowering stage 
reduced the yields and the longer the duration of 
flooding, the greater was the damage. Alvino and Zerbi 
(1986) reported that the differences in grain yield 
between the water regimes they studied were due to the 
low number of seeds per ear at shallow water-table levels 
and to the percentage of sterile plants at the deep water-
table levels. Several other studies have also indicated that 
maximum crop damage was observed when flooding 
occurred at the early stages of growth (Bhan, 1977; 
Chaudhary et al., 1975; Cannell et al., 1980; Fausey et 
al., 1985; Zolezzi et al., 1978; Howell et al., 1976; Singh 
and Ghildyal, 1980; DeBoer and Ritter, 1970). 
Patwardhan et al. (1986) provide an excellent review on 
crop response to excessive moisture. These research 
reports have concluded that the duration of flooding and 
its timing in relation to the stage of crop development 
have considerable effect on yield. High water tables 
during the seedling stage can be fatal, whereas a well 
developed corn crop is likely to suffer relatively little 
damage from similar conditions. Purvis and Williamson 
(1972) reported that plants might be able to survive a 
flooded environment by increasing the number of their 
adventitious roots. 
The real problem, due to excessive soil-water 
conditions in the humid regions, is the inadequate 
aeration of the plant's root system (Carter, 1986; Sojka, 
1986; Tondreau et al., 1976; van Schilfgaarde and 
Williamson, 1965; Wesseling, 1974). Excessive soil water 
conditions in the root zone are always accompanied by 
oxygen deficiency, and the roots are injured if continuous 
waterlogged conditions prevail (Williamson and Kriz, 
1970; Bradford and Yang, 1981; and Williamson and 
van Schilfgaarde, 1965). Most crops respire by gaseous 
exchange in the root zone, whereby plant roots absorb 
oxygen from the soil air and release carbon dioxide. In 
high water table soils, oxygen deficiency severely restricts 
plant respiration, which directly affects the growth of 
roots and their ability to absorb nutrients. Oxygen 
diffuses through air-filled pores about 10,000 times 
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faster than through water-filled pores, and consequently, 
the diffusion rate of oxygen through water is often the 
limiting factor in root respiration (Clark and Kemper, 
1967). 
Shallow water tables exist naturally in many 
agriculturally productive areas of the U.S. Drainage 
requirements of soils in the high water-table areas are 
generally unknown. By experience, it has been found 
that subsurface drains placed at depths of 1 m in humid 
areas usually give satisfactory results (Tondreau et al., 
1976). Van Schilfgaarde and Williamson (1965) found 
that the maximum yield of soybeans in fine sandy loam 
with only subsurface watering occurred at a water-table 
depth of 30 cm, but in their field lysimeter experiments 
they found that the maximum yield occurred at a water-
table depth from 45 to 60 cm. Benz et al. (1982, 1983) 
have found that the water-table depth for maximum 
yield of alfalfa was 1.5 m and that irrigation was 
unnecessary when the water table was maintained at this 
optimum depth. Williamson and Kriz (1970) reported 
that the optimum water-table depth was 0.8 m for corn 
on a loam soil, and Goins et al. (1966) reported optimum 
water-table depths of 0.8 to 0.9 m for corn on silty clay 
loam and loam soils. 
Several possible drainage requirement criteria have 
been mentioned in the literature (Bouwer, 1974; Hiler, 
1977; and Wesseling, 1974). Most of these design criteria 
were established on the basis of experiments conducted 
either in growth chambers or field-type lysimeters where 
the water table was kept constant for a certain period. In 
practice, the water table is rarely static. Very little work 
has been reported where field data on crop response to 
drainage were collected in areas under naturally 
fluctuating water table conditions. The purpose of this 
paper is to report results of a field experiment designed 
specifically to study the response of corn to naturally 
fluctuating water table in an undrained area and to 
develop seasonal crop stress factors from excessive 
wetness data in relation to corn yields. 
METHODS AND MATERIALS 
A field experiment was conducted to determine the 
response of corn to excessive wetness. The experimental 
site for this study was located at the Iowa State 
University's Woodruff Farm near Ames, lA. The 
experimental site was established in the spring of 1984 in 
an area with slopes of about 0 to 5%. The soils at the 
experimental site are predominantly Nicolett soils in the 
Clarion-Nicollet-Webster Soil Association (the Clarion 
soils are naturally well drained; the Nicollett soils are 
naturally somewhat poorly to poorly drained; Webster 
soils are poorly to very poorly drained and occur in slight 
depressions and nearly level areas). Fig. 1 gives the 
relationship of parent material, topography, and soils in 
the Clarion-Nicollet-Webster Soil Association. Fig. 2 
shows the topographic features of the experimental area. 
This area is gently sloping (the slope of the land seems to 
affect the fluctuations in the water table) and does not 
have any artificial subsurface drainage system; thus, this 
15m 36m 
Fig. 1—Soil survey map and parent materials of soils in the Clarion-
Nicollet-Webster Soil Association area. 
Fig. 2—Topgraphic map of the experimental site, and layout of the 
experimental plots. The contour lines are given in meters and the 
numbers indicate the location of observation wells. 
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TABLE 1. DATES OF PLANTING, HARVESTING, FERTILIZER 
APPLICATION AND PLANT POPULATION COUNT 
Item Year and date 
1984 1985 1986 
Planting 
N-application (168 kg/ha) 
Plant population count 
Harvesting 
June 13 
June 29 
Nov. 5 
June 8 
June 10 
July 2 
Nov. 14 
June 10 
July 23* 
July 2 
August 7 
September 9 
Nov. 14 
*Only 112 kg/ha of N-fertilizer was applied. 
area was considered suitable for conducting excessive 
moisture stress studies on corn. 
Fifty plots of 15 m x 15 m were established. In the 
center of each plot, an observation well (180 cm long, 3.8 
cm diameter plastic pipe with perforated sides and open 
bottom) was installed after corn planting and necessary 
fertilizer and pesticide applications. The approximate 
depth of observation wells was 165 cm from the ground 
surface. These wells were used to monitor water-table 
depths during the growing season. Fig. 2 also gives the 
location of observation wells and layout of the 
experimental plots. 
Water-table depths were measured with a depth gauge 
three times a week; however, if a rainfall event was 
greater than 1.25 cm, daily water-table readings were 
taken for at least the next 5 continuous days. Data on 
water-table depths were collected during June through 
November (between planting and harvesting) for 3 years 
(1984-1986). The average water-table depths were 
calculated by constructing water-table hydrographs for 
each plot for the entire growing season. When the water-
table receded below the 165 cm depth, the slope of the 
water-table hydrograph was used to estimate the water 
table below 165 cm depth. Daily rainfall data were also 
collected at the experimental site during the study. 
All experimental plots were under no-till continuous 
corn between 1984 and 1986. Planting, harvesting, and 
chemical application data for this experiment are given 
in Table 1. Plant population counts were made 
approximately 3 and 6 weeks after planting and various 
other plant growth parameters were measured at least 
four times (every third week) during the growing seasons 
of 1985 and 1986. These plant growth parameters 
included plant canopy height, plant knuckle height, and 
dry-matter weight of plants. 
Plant canopy height was measured as the distance 
from the ground surface to the top bending leaf. Five 
plants were randomly selected in each plot for such 
measurements, and the average plant canopy height for 
each plot was recorded. The same five plants were used 
to measure the knuckle height. Plant knuckle height was 
measured as the distance between the ground surface 
and the top knuckle (the rounded knob at plant stem 
joint) of the plant. About every 3 weeks, five randomly 
selected plants were cut at ground level, and dry matter 
weight of the plants was determined after drying at 140 
°F. 
At harvest, corn yields were measured from an area 
13.5 m X 13.5 m surrounding each of the observation 
wells by using a combine equipped with a weighing bin. 
The dashed lines in Fig. 2 indicate the areas included in 
corn yield measurements. Corn yields were corrected to a 
uniform moisture content of 15.5% for final analysis. 
Relative yields were determined by dividing the 
measured yields by the highest corn yield for each 
production period. Highest yields were 6664, 5329, and 
6742 kg/ha for 1984, 1985, and 1986, respectively. 
The seasonal crop stress factors were calculated by 
using the water table data collected from each of the 50 
observation wells. Water-table hydrographs were drawn 
between the water-table depths and day of the year. The 
water-table depth data for the days when water-table 
readings were not taken were interpolated by observing 
the slope of the hydrograph curves in relation to the 
rainfall pattern. Then, values quantifying the excessive 
soil water conditions (SEW30) were calculated by using 
the following equation as originally defined by Sieben 
(1964). 
SEW 30 ^ S (30-Xi^ 1=1 
where 
Xj = the water table depth below the ground surface 
in cm on day i 
n = the number of days in the growing season 
Negative numbers inside the summation series were 
neglected; i.e., for computations only X, values smaller 
than 30 are taken into account, so that the sum is a 
measure of depth above the 30 cm level (Wesseling, 
1974). Larger SEW30 values generally indicate poor 
drainage conditions. This concept is used in this paper to 
quantify excessive soil water conditions. 
A statistical analysis systems program (SAS) was used 
to find the best fitted models between SEW30 data for 
each growth stage and for the entire growing season 
(given as cumulative in Table 3), and relative corn yield 
for 1984, 1985, and 1986. Three mathematical functions 
(linear, exponential, and hyperbolic) were used to fit the 
data. The GLM (general linear model) subroutine of 
SAS was used for these analyses. 
The stress-day index (SDI) concept, was used to 
quantify the cumulative effect of wetness on corn during 
the growing season. The stress-day index method was 
first used to schedule irrigations (Hiler and Clark, 1971; 
Hiler et al., 1974), but this concept was expanded to 
characterize drainage requirements of crops by Ravelo et 
al. (1982) and Hardjoamidjojo et al. (1982). 
Mathematically, the stress-day index concept has been 
expressed by Ravelo et al. (1982) and others as: 
M 
j=l 
SDI= X (CSj * SDj) 
where 
M = the number of growth stages 
CSj = the crop susceptibility factor for stage j 
SDj = a stress day factor for stage j . 
The SEW30 parameter was used as the SD factor in this 
study as suggested by Hardjoamidjojo et al. (1982). 
Hiler and Clark (1971) and Hiler et al. (1974) 
recognized that other factors such as genotype, soil type, 
fertility, temperature, etc., could affect the values of CS 
factors determined experimentally from one year to 
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TABLE 2. NORMALIZED CROP SUSCEPTffilLrrY FACTORS FOR CORN 
FOR EXCESSIVE SOIL WATER CONDFTIONS (EVANS AND 
SKAGGS, 1984) 
Growth stage Days after 
planting 
Mean crop 
susceptibility 
factors (CS) 
Normalized mean 
susceptibility 
factors (NCS)* 
Establishment 
Early Vegetative 
Late Vegetative 
Flowering 
Yield Formation 
18 
36 
56 
76 
100 
0.28 
0.32 
0.65 
0.36 
0.10 
0.16 
0.18 
0.38 
0.21 
0.06 
*NCS 
M 
•j - CSj/Z CSj 
j=l 
another. To overcome this problem, Evans and Skaggs 
(1984) have suggested a concept of developing 
normalized crop susceptibility factors (NCS) by using the 
CS values. They found that this approach statistically 
eliminated these uncontrollable factors and allowed the 
APRIL JUNE JULY AUGUST SEPT. OCT. 
Fig. 3—Monthly precipitation patterns at the experimental site for the 
years 1984, 1985, and 1986 during the months of April through 
October. 
TABLE 3. RELATIONSHIP BETWEEN CROP STRESS FACTORS (SEW30) AT DIFFERENT GROWTH 
STAGES OF CORN AND RELATIVE YIELD FOR CORN 
Year 
1984 
1985 
1986 
*L = 
tY = 
Days after 
planting 
20 
40 
20 
40 
60 
80 
100 
101 
thru harvest 
Growth stage 
Establishment 
(Stage 1) 
Early Vegetative 
(Stage 2) 
Cumulative 
(planting thru harvest) 
Cumulative 
(planting thru harvest) 
Establishment 
(Stage 1) 
Early Vegetative 
(Stage 2) 
Late Vegetative 
(Stage 3) 
Flowering 
(Stage 4) 
Yield Formulation 
(Stage 5) 
Stage 6 
Cumulative 
(planting thru harvest) 
Type of 
regression* 
L 
E 
H 
L 
E 
H 
L 
E 
H 
L 
E 
H 
L 
E 
H 
L 
E 
H 
L 
E 
H 
L 
E 
H 
L 
E 
H 
L 
E 
Y 
L 
E 
H 
Regression analysis 
Regression equation*t 
Y = 0.82-0.004S1 
Cn Y = -0 .1386-0 .0089Si 
Y = 1/(0.908+ 0.024Si) 
Y = 0.692-0.013S2 
Cn Y = -0.42-0.0279S2 
Y = 1/(1.68+ O.O7S2) 
Y = 0.809-0.0035Sc 
Cn Y = -0 .169-0.076Sc 
Y = 1/(0.996+ 0.02Sc) 
L = Y = 0.68 + 0.003Sc 
Cn Y = 0.41 + 0.0044 Sc 
Y = l/(1.57-0.0068Sc) 
L = 0.94-0.0034S1 
Cn Y = 0.00052-0.00609S1 
Y = 1/(0.776+ 0.0136Si) 
Y = 0.92-0.0014S2 
Cn Y=-0.046-0 .0025S2 
Y = 1/(0.90 + 0.005582) 
Y = 0.83-0.0032583 
Cn Y = -0 .179-1 .116683 
Y = 1/(1.112 + 0.017183) 
Y = O.799-O.OO8284 
Cn Y =-0 .226-0 .017984 
Y = 1/(1.208 + 0.04984) 
Y = O.8-O.OI22S5 
Cn Y = -0 .228-0 .02685 
Y = 1/(1.224-0.0010785) 
Y = 0.91 0.000586 
Cn Y =-0 .054-0 .0008986 
Y = 1/(0.91+0.00286) 
Y = 0.91-0.000318c 
Cn Y = -0.038-0.00056Sc 
Y = 1/(0.853+ 0.0013Sc) 
R2-value 
0.62 
0.62 
0.52 
0.27 
0.27 
0.20 
0.60 
0.60 
0.50 
0.23 
0.18 
0.18 
0.85 
0.79 
0.57 
0.78 
0.68 
0.47 
0.71 
0.85 
0.82 
0.64 
0.86 
0.94 
0.52 
0.65 
0.76 
0.80 
0.72 
0.52 
0.85 
0.80 
0.59 
Linear, E = Exponential, H = Hyperbolic 
measured relative corn yield, Si = stress day factor (SEW30) for growth stage 1 (establishment); 82, S3, S4, 
and 5 respectively, S^ is the stress day factor for the entire growing season. 
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analysis to concentrate on the influence of the water 
stress only. The CS values used in this paper to calculate 
the SDI were taken from Evans and Skaggs (1984) and 
are given in Table 2. 
RESULTS AND DISCUSSION 
Monthly variations in precipitation patterns as 
observed at the experimental site for the three growing 
seasons (1984, 1985, and 1986) are shown in Fig. 3. The 
year 1985 was relatively dry, with total growing season 
(April through October) rainfall of 44.2 cm; normal is 75 
cm. Also during 1985, 70% of the rainfall occurred in 
August through October. Rainfall in 1984 and 1986 was 
greater than normal with total growing seasonal rainfall 
of 90.3 and 92.2 cm, respectively. In 1984, 68% of rain 
fell in early spring (April, May, and June), whereas in 
1986 all months received greater than normal rainfall. 
Because of excessive wet conditions in May and early 
June, late planting was done (June 8 to 13). Earlier 
planting would have caused larger SEW30 values for 1984 
and 1986. 
The distribution of SEW30 and average water table 
depth across the experimental area was similar for the 
years 1984 thru 1986. For example, five plots 
(numbering 15, 25, 35, 24 and 26 in Fig. 1) gave the 
highest average SEW30 values during 1984 and some 
plots exhibited similar behavior in 1985 and 1986, but 
yielded highest average corn yields in 1985 (as no stress 
due to wetness occurred until 110 days after planting), 
this showed that during excessive wet years (1984 and 
1986), the high water conditions were the principal factor 
affecting plant growth and yield. Other experimental 
plots have also exhibited similar water table response 
from year to year (except some plots had more damage 
due to weeds and surface runoff). 
Effect of Stress Day Factors at Various Stages 
of Growth on Yield 
Table 3 gives the relationships between the crop stress 
day factors for excessive soil water conditions, SEW30, 
for different stages of growth and the measured relative 
corn yields, RY, for the years 1984 through 1986. 
Although Evans and Skaggs (1984) used 18, 36, 56, 76 
and 100 days after planting for growth stages 1 through 
5, respectively, we used 20, 40, 60, 80 and 100 days after 
planting to represent plant growth stages 1 through 5, 
respectively, in this statistical analysis (Table 3). In 1984, 
excessively wet conditions occurred only in the early 
growing season (within 40 days after planting), and 
water-table levels were never above 30 cm for the rest of 
the growing season. In 1985, SEW30 values were not 
observed until 120 days after planting, whereas in 1986, 
excessive soil water conditions (giving non-zero SEW30 
values) were observed throughout the growing season. 
The results of the statistical analysis clearly indicate 
that for the 1984 data, the best fitting regression models 
are linear equations with coefficients of determination, 
R2, of 0.62 and 0.27 for growth stages 1 and 2, 
respectively (statistically significant at the 5% level). 
Thus, the 1984 data (when excessive wet conditions 
occurred early) show that corn yields are most affected 
when excessive soil moisture conditions occur during the 
plant establishment stage; i.e., growth stage 1. 
The 1986 results in Table 3 indicate that, the best 
fitting equations for growth stages 1 and 2 are linear, for 
stage 3 is exponential, and for stages 4 and 5 are 
hyperbolic, with R^-values of 0.85, 0.78, 0.85, 0.94, and 
0.76, respectively. This shows that relative corn yields are 
most affected by the SEW30 values at the flowering stage 
(stage 4) and least affected at the yield formation stage 
(stage 5). R2-values of 0.85 at stages 1 and 3 show that 
the corn yields will be highly sensitive to the SEW30 
values during the establishment and early vegetative 
stages. 
The SEW30 data for stage 6 (day 101 thru harvest) for 
1986 were also correlated with the relative corn yield. 
The best fitting curve for stage 6 was found to be linear 
with a R2 value of 0.80 (Table 3). This R2 value of 0.80 
was higher than the R^  values of stages 2 and 5. This 
indicates that the excessive wet conditions during stage 6 
had more impact on yield than during stages 2 and 5. 
(a) 
R = 0.60 
RY = 0.81 - 0.0035 SEW^ 
0 20 40 60 BO 100 120 140 160 180 200 
STRESS DAY FACTOR(SEW30).Ci^OAYS 
R = 0.85 
RY = 0.91 - 0.0031 SEW, 
(b) 
400 800 1200 1600 2000 
STRESS DAY FACTOR(SEW30).CM-DAYS 
2400 
Fig. 4—Relationship between relative corn yield and stress day factors for the years 1984 (Fig. 4a) and 1986 (Fig. 4b). 
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Effect of Stress Day Factors and Stress Day 
Index on Yield 
The relative corn yields, RY, and the corresponding 
cumulative crop stress day factors, SEW30, for the years 
1984 and 1986 are plotted in Fig. 4. These figures show 
that relative corn yields ranged from 0.50 to 0.91 in 1984 
and 0.75 to 1.00 in 1986 even at zero values of SEW30. 
This could have been due to several factors. In some of 
these plots water-table depths were below 120 cm for 
more than 60 days continuously causing dry conditions 
both in 1984 and 1986. Also, damage due to runoff water 
was observed in plots 1, 11, 21, and 31 (these plots gave 
SEW30 values of zero in 1984). Although these data show 
considerable scatter, there is a strong relationship 
between corn yields and crop stress day factors. The best 
fitting linear equations for 1984 and 1986 are also shown 
in Fig. 4 with coefficients of determination, R ,^ of 0.60 
and 0.85, respectively. For 1984 and 1986, although R2 
values are not very high, linear models are highly 
significant (at the 5% level), indicating that corn yields 
decrease with an increase in SEW30 values. 
Wesseling (1974) reported that, at SEW30 values of 100 
to 200 cm-days, there is a decrease in yield of cereal 
crops. But the data shown in Fig. 4 for the year 1984 
indicate that even SEW30 values as low as 40 cm-days in 
the early growing season can significantly reduce corn 
yields. For 1985, the data indicate that corn yields were 
not adversely affected by the increase in SEW30 values. 
The regression model for 1985 data with R^  value of 0.23 
(statistically significant at the 5% level), in fact, suggests 
that corn yields may increase with the increase in SEW30 
values, which is contrary to 1984 and 1986 findings. This 
is because a drought occurred in 1985, and excessive wet 
conditions did not occur until September and October, 
which, in turn, did not have much adverse effect on crop 
yields (although there might have been some 
subirrigation effect during these and previous months, 
which resulted in better yields). 
Stress Day Index, SDI, is a factor of practical 
significance that could be used in the design of drainage 
systems, indicating the amount of stress that plants can 
tolerate without any reduction in crop yields. Relative 
corn yields were related to the SDI by the best fitted 
linear equations of RY = 0.81 - 0.0228 SDI and RY = 
0.90 - 0.0036 SDI for 1984 and 1986, respectively (Fig. 
5). These relationships between RY and SDI are well 
defined and statistically highly significant. Data in 1984 
show a more rapid decrease of RY with the increase of 
SDI primarily because excessively wet conditions in 1984 
occurred only during stages 1 and 2, for which NCS 
values used were 0.16 and 0.18, respectively. 
Relative yields are also plotted as a function of the 
average water table depths for 1984 and 1986 in Fig. 6. 
Each data point in Fig. 6 corresponds to one average 
water-table depth for the entire season for one 
experimental plot. Fig. 6 shows that maximum potential 
corn yield was obtained if the average water-table depth 
remained at the 67 cm depth for 1984 and at the 107 cm 
depth for 1986, even when fluctuating water tables 
depths of 30 cm were reached periodically. Also, Fig. 6 
gives best fit curves between relative corn yields and 
average annual water table depths for 1984 and 1986. 
Effect of Stress Day Factors on 
Plant Growth Parameters 
Plant Population: Plant population (PP) and the 
corresponding stress day factors for 1986 are plotted in 
Fig. 7. The wide range in plant population was due to the 
fact that the poor germination rate resulted in lower 
plant population in five out of eight plots giving zero 
SEW30 values. Data for 1986 suggested that maximum 
plant population was obtained at SEW30 of 500-cm-days. 
Plant population data for 1985 are not shown in Fig. 7 
because they did not give a statistically significant 
correlation. Data for 1985 gave an equation of PP = 
53.25 + 0.17 SEW30 with W value of 0.07; this was 
because 1985 was a dry year and in most experimental 
plots shallow water tables were not observed until the 
latter part of the growing season (i.e., September and 
October). Plant population data for 1986 indicate that 
R*- = 0.61 
RY = 0.81 - 0.0228 SDI 
20 
l t p t l l H « l t | t T « H ' l t H p t f l > H l l f 
30 40 50 60 
R = 0.88 
RY = 0.90 - 0.0036 SDI 
-T 1 , r — ] 1 1 . 1 < I • 1 ' 1 * 1 » I ' I 
20 40 60 80 100 120 140 160 180 200 220 
(a) 
138 
STRESS DAY INOEX(SDI) . CM-DAYS 
(b) STRESS DAY INDEX(SDI). CM-DAYS 
Fig. 5—Relationship between relative corn yield and stress day index for the years 1984 (Fig. 5a) and 1986 (Fig. 5b). 
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(SEW30) for the year 1986). 
excessively wet conditions had significant impact on the 
survival of young plants. Fig. 7 clearly indicates that 
increased values of SEW30 significantly decreased the 
plant population in very wet plots under fluctuating 
water table conditions. A linear regression model was 
fitted to the 1986 data giving an equation of PP = 47.7 
- 0.0052 SEW30 with an R^  value of 0.33. 
Plant Canopy and Knuckle Heights: The relationships 
between the plant canopy and knuckle heights, and the 
corresponding SEW30 values for 1986 are shown in Fig. 
8. The SEW30 values used in Fig. 8 for 1986 were 
calculated up to September 11, because plant canopy 
and knuckle heights, and dry matter weight data shown 
in Fig. 8 were collected on September 11. The relations 
given in Fig. 8 clearly indicate a decrease in plant canopy 
and knuckle heights with an increase in SEW30 values. 
Slow and poor plant growth (thin plant stems, yellow 
leaves, shorter plant heights) and fewer plants per 
hectare were observed in plots where water tables were 
within 30 cm of the surface for many days during the 
early part of the growing season. Fig. 8 shows a very 
strong correlation between plant canopy and knuckle 
heights, and SEW30 values. Linear regression functions 
developed for relative plant canopy height (CAN) and 
relative knuckle height (KNUC) as a function of SEW30 
values for 1986 are given as: 
CAN = 0.96 - 0.00030 SEW30 (R^ = 0.74) 
KNUC = 0.95 - 0.00032 SEW30 (R^ = 0.68) 
Plant Dry Matter Weight: The effect of excessive soil 
moisture conditions on the relatively dry-matter weight 
(DMW) of plants is also presented in Fig. 8. The data 
shown in this figure are from 1986 and indicate that dry-
matter accumulation is likely to decrease with the 
increase in SEW30 values. Similar response has been 
reported by van Schilfgaarde and Williamson (1965) in 
their studies conducted with the use of growth chambers. 
The following regression equation was obtained relating 
the relative dry-matter weight of plants (DMW) and 
SEW30 values (only for 1986 data). 
DMW = 0.83 - 0.00073 SEW30 (R^ = 0.78) 
Grain Moisture Content: Fig. 9 shows relationships 
between the moisture content of grain at harvest in 
percent (GM) and SEW30 values for 1984 and 1986. The 
linear functions developed for the data shown in Fig. 9, 
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Fig. 8—Relationship between relative plant canopy height, relative plant knuckle height, relative dry matter weight and stress day factor for the 
year 1986. 
are: 
GM = 21.24 + 0.00446 SEW30, R^  = 0.36 
(Year 1984) 
GM = 22.3 + 0.0038 SEW30, R^  = 0.66 
(Year 1986) 
These relations show that grain moisture content 
increased with the increase in the SEW30 values, 
indicating delayed drying of corn under excessively wet 
conditions. 
SUMMARY 
Lack of information on crop response to drainage 
under naturally fluctuating water-table conditions 
prompted this study. Thus an experimental site was 
selected in an undrained area having naturally well 
drained to very poorly drained soils. This area is gently 
sloping up to a slope of about 5% and was considered 
suitable for studying the effects of excessive wetness at 
various stages of corn growth. 
Field data on water table depths, plant height, dry 
matter weight, and crop yield were collected from 50, 15 
m X 15 m plots during the growing seasons of 1984, 1985, 
and 1986. Water-table data were used to develop crop 
stress factors from excessive wetness (SEW30 and SDI). 
A statistical analysis computer program (SAS) was 
used to determine the effects of wetness at different 
stages of growth on corn yield. Data for 1984 indicate 
that, if excessive wet soil conditions occurred in the early 
part of the growing season, excessive wet conditions 
during the plant establishment stage (stage 1) will cause 
the maximum-reduction in corn yields. Data for 1986 
show that, if excessive wet condition occur during the 
entire growing season, corn yields are most affected by 
the wet conditions at the flowering stage (stage 4). 
Data on plant-growth parameters for 1985 indicate 
that plant population, canopy and knuckle height, and 
dry matter production decrease linearly with the increase 
in SEW30 values. Grain moisture content at harvest 
seems to increase with the increase in wetness. The data 
on grain yield showed that corn yields decreased linearly 
with the increase in crop stress factors due to wetness. 
Poor conditions for plant growth in excessively wet areas 
resulted in poor corn yields. 
35 
P 30 
E 
R 
C 
E 
N 
T 25 
6 
R 
A 
I 
N 
20 
E 
10 
R = 0.36 
GM = 21.4 + 0.0045 SEW, 30 
1 — I — f — I — • — I — I — I t I — I — I — I — I — • — I — • — I — • — r 
0 20 40 60 80 100 120 140 160 160 200 
STRESS DAY FACTOR(SEW30).CU-DAYS 
R = 0.66 
GM = 22.3 + 0.0038 SEW^ 
i-n-T 
400 
T 
800 
• » i i i | i » i > i ' i i i i | i > i < > t » « i i i | i « i i i » t > i i 
1200 1600 2000 2400 
STRESS DAY FACTOR(SEW30).CM-DAYS 
(a) (b) 
Fig. 9—Relationship between grain moisture content at harvest and stress day factor for the years 1984 (Fig. 9a) and 1986 (Fig. 9b). 
140 TRANSACTIONS of the ASAE 
References 
1. Alvino, A., and G. Zerbi. 1986. Water table level effects on the 
yield of irrigated and unirrigated grain maize. TRANSACTIONS of the 
ASAE 29(4): 1086-1089. 
2. Bhan, H. 1977. Effect of waterlogging on maize. Indian J. 
Agric. Res. 11:147-150. 
3. Bradford, K. J., and S. F. Yang. 1981. Physiological responses 
of plants to waterlogging. Hort. Sci. 16:25-30. 
4. Belford, R. K. 1981. Response of winter wheat to prolonged 
waterlogging under outdoor conditions. J. Agric. Sci. 97:557-568. 
5. Benz, L. C , E. J. Doering, and G. A. Reichman. 1982. Water 
table and irrigation effects on alfalfa grown on sandy soils. Can. Agric. 
Eng. 24(2):71-75. 
6. Benz, L. C , G. A. Reichman, and E. J. Doering. 1983. 
Drainage requirements for alfalfa grown on sandy soil. 
TRANSACTIONS of the ASAE 26(1):161-164, 166. 
7. Bouwer, H. 1974. Developing drainage design criteria. In: J. 
van Schilfgaarde (ed.). Drainage of Agricultural Lands. Agronomy 
17:67-79. 
8. Cannell, R. Q., R. K. Belford, K. Gales, C. W. Dennis, and R. 
D. Prew. 1980. Effects of waterlogging at different stages of 
development on the growth and yield of winter wheat. J. Sci. Food 
Agric. 31:117-132. 
9. Carter, C. 1986. Oxidation reduction due to a high water table. 
Proc. Int. Seminar on Land Drainage, J. Saavalainen and P. 
Vakkilainen, (eds.), Helsinki University of Technology, Helsinki, 
Finland, pp. 112-126. 
10. Chaudhary, T. N., V. K. Bhatnagar, and S. S. Prihar. 1975. 
Corn yield and nutrient uptake as affected by watertable depth and soil 
submergence. Agron. J. 67:745-749. 
11. Clark, F. E., and W. D. Kemper. 1967. Microbiological 
activity in relation to soil water and soil aeration. In: Irrigation of 
agricultural lands. R. M. Hagen et al. (ed.) Agronomy 11:472-480. 
12. Deboer, D. W., and W. F. Ritter. 1970. Flood damage to crops 
in depression areas of north-central Iowa. TRANSACTIONS of the 
ASAE 13(5):547-549, 553. 
13. Evans, R. O., and R. W. Skaggs. 1984. Crop susceptibility 
factors for corn and soybeans to controlled flooding. ASAE Paper No. 
84-2567, ASAE, St. Joseph, MI 49085. 
14. Fausey, N. R., T. T. Van Toai, and M. B. McDonald, Jr. 1985. 
Response of ten corn cultivars to flooding. TRANSACTIONS of the 
ASAE 28(6):1794-1797. 
15. Goins, T., J. Lunin, and H. L. Worley. 1966. Water table 
effects on growth of tomatoes, snap beans and sweet corn. 
TRANSACTIONS of the ASAE 9(4):530-533. 
16. Hardjoamidjojo, S., R. W. Skaggs, and G. O. Schwab. 1982. 
Corn yield response to excessive soil water conditions. 
TRANSACTIONS of the ASAE 25(4):922-927, 934. 
17. Hiler, E. A., and R. N. Clark. 1971. Stress day index to 
characterize effects of water stress on crop yields. TRANSACTIONS of 
the ASAE 14(4):757-761. 
18. Hiler, E. A., T. A. Howell, R. B. Lewis, and R. P. Boos. 1974. 
Irrigation timing by the stress day index method. TRANSACTIONS of 
the ASAE 17(3):393-398. 
19. Hiler, E. A. 1977. Drainage requirements of crops. 
Proceedings, Third National Drainage Symposium. ASAE Publication 
No. 177, ASAE, St. Joseph, MI 49085, pp. 127-129. 
20. Howell, T. A., E. A. Hiler, O. Zolezzi, and C. J. Ravelo. 1976. 
Grain sorghum response to inundation at three growth stages. 
TRANSACTIONS of the ASAE 19(5):876-880. 
21. Joshi, M. S., and N. G. Dastane. 1966. Studies in excess water 
tolerance crop plants: II. Effect of different durations of flooding at 
different stages of growth under different lay-outs on growth, yield and 
quality of maize. Indian J. Agron. 11:70-79. 
22. Kanwar, R. S., H. P. Johnson, and T. E. Fenton. 1984. 
Determination of crop production loss due to inadequate drainage in a 
large watershed. Water Resour. Bull. 20(4):589-597. 
23. Kanwar, R. S., H. P. Johnson, D. Schult, T. E. Fenton, and R. 
D. Hickman. 1983. Drainage needs and returns in north-central Iowa. 
TRANSACTIONS of the ASAE 26(2):457-464. 
24. Patwardhan, A. S., J. L. Nieber, and I. D. Moore. 1986. Crop 
response to excessive moisture, a review. ASAE Paper No. 86-2557, 
ASAE, St. Joseph, MI 49085. 
25. Purvis, A. C. and R. E. Williamson. 1972. Effects of flooding 
and gaseous composition of the root environment on growth of corn. 
Agron. J. 64:674-678. 
26. Ravelo, C. J., D. L. Reddell, E. A. Hiler, and R. W. Skaggs. 
1982. Incorporation of crop needs into drainage system design. 
TRANSACTIONS of the ASAE 25(3):623-629, 637. 
27. Ritter, W. F., and C. E. Beer. 1969. Yield reduction by 
controlled flooding of corn. TRANSACTIONS of the ASAE 
12(l):46-47, 50. 
28. Sieben, W. H. 1964. Het verban tussen ontwatering en 
opbrengst bi j de jonge zavelgronden in de Noordoostpolder. Van Zee 
tot Land. 40, Tjeenk Willink V. Zwolle, The Netherlands, (as cited by 
Wesseling, 1974). 
29. Singh, R., and B. P. Ghildyal. 1980. Soil Submergence effects 
on uptake, growth, and yield of five corn cultivars. Agron. J. 
72:737-741. 
30. Sojka, R. E. 1986. Soil oxygen effects on two determinate 
soybean isolines. Soil Sci. 140(5):333-343. 
31. Tondreau, J. E., L. S. Willardson, B. D. Meek, and L. B. 
Grass. 1979. Soil aeration response to a fluctuated water table. Third 
National Drainage Symposium, ASAE Publication No. 177, ASAE, St. 
Joseph, MI 49085. pp. 130-134. 
32. van Schilfgaarde, J, and R. E. Williamson. 1965. Studies of 
crop response to drainage: I. Growth chambers. TRANSACTIONS of 
the ASAE 8(l):94-97. 
33. Wesseling, J. 1974. Crop growth and wet soils. In: Drainage of 
agricultural lands. J. van Schilfgaarde (ed). Agronomy 17:7-32. 
34. Williamson, R. E. and J. van Schilfgaarde. 1965. Studies of 
crop response to drainage: II. Lysimeters. TRANSACTIONS of the 
ASAE 8(1):98-100, 102. 
35. Williamson, R. E. and G. J. Kriz. 1970. Response of 
agricultural crops to flooding, depth-of-water table and soil gaseous 
composition. TRANSACTIONS of the ASAE 13(2):216-220. 
36. Zolezzi, O., T. A. Howell, C. J. Ravelo and E. A. Hiler. 1978. 
Grain sorghum response to inundation duration at the early 
reproductive growth stage. TRANSACTIONS of the ASAE 
21(4):687-690, 695. 
Vol. 31(l):January-February, 1988 141 
